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(57) ABSTRACT

The ion current detector includes: an ion bias circuit for
supplying a bias voltage to an electrode of the ignition plug
s0 as to cause the ignition plug to generate a spark discharge;
and an ion current detection circuit for detecting an ion
current generated in a combustion chamber by the spark
discharge and for amplifying the detected ion current to
output an ion current detection signal. The ion current
detection circuit amplifies the ion current at an ion current
amplification factor switched between a time when an
ignition signal is supplied and a time when the ignition
signal is not supplied. Specifically, when the ignition signal
is supplied, the ion current amplification factor is set to a low
value (approximately 50). When the ignition signal is not
supplied, the ion current amplification factor is set to a high
value (250 or more).

9 Claims, 6 Drawing Sheets
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1
ION CURRENT DETECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ion current detector,
and more particularly, to an ion current detector for detecting
an ion current generated in an internal combustion engine.

2. Description of the Related Art

In a conventional ion current detector, a high voltage is
applied to a discharge gap between a center electrode and a
ground electrode of a spark plug to generate a spark dis-
charge. When an ion current flowing through the discharge
gap is to be detected, a connection terminal portion of the
spark plug is coated with a conductive coating such as a
coating plated with gold or silver to ensure the electrical
conductivity of the connection terminal portion (see, for
example, JP 3605962 B).

As described in JP 3605962 B, the structure in which the
connection terminal portion is coated with the conductive
coating such as the coating plated with gold or silver to
ensure the electrical conductivity of the connection terminal
portion has such a problem that a manufacturing cost
increases.

There is also the following problem. When the spark plug
smolders, soot generates between the electrodes, which
causes a leak current to flow. When a pseudo state occurs, in
which the ion current continuously flows (hereinafter,
referred to as smoldering state), a smoldering current
increases at the time of supplying an ignition signal because
of an ignition signal turning-ON +V2. Therefore, an ion
current detection signal to be transmitted to an engine
control unit (ECU) exceeds a dynamic range of the ECU,
with the result that it is difficult to transmit an accurate ion
current detection signal to the ECU.

SUMMARY OF THE INVENTION

The present invention has been made to solve the prob-
lems as described above. An object of the present invention
is to provide an ion current detector which includes a
connection terminal portion having an ensured electrical
conductivity and can detect an ion current with high preci-
sion, while a manufacturing cost thereof is suppressed.

The present invention provides an ion current detector
including: an ion bias circuit connected to a secondary side
of an ignition coil for causing an ignition plug of an internal
combustion engine to generate spark discharge, for supply-
ing a bias voltage to an electrode of the ignition plug; and an
ion current detection circuit for detecting an ion current
generated in a combustion chamber by the spark discharge,
in which the ion current detection circuit amplifies and
outputs the detected ion current at an amplification factor of
the ion current, and the amplification factor of the ion
current is switched between a time when an ignition signal
is supplied and a time when the ignition signal is not
supplied.

According to the present invention, the ion current detec-
tor includes: the ion bias circuit connected to the secondary
side of the ignition coil for causing the ignition plug of the
internal combustion engine to generate the spark discharge,
for supplying the bias voltage to the electrode of the ignition
plug; and the ion current detection circuit for detecting the
ion current generated in the combustion chamber by the
spark discharge. The ion current detection circuit amplifies
and outputs the detected ion current at the amplification
factor of the ion current, and the amplification factor of the
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ion current is switched between the time when the ignition
signal is supplied and the time when the ignition signal is not
supplied. Therefore, while the manufacturing cost is sup-
pressed, the electrical conductivity of the connection termi-
nal portion can be ensured. In addition, the ion current can
be detected with high precision.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a structural diagram illustrating an ion current
detector according to Embodiment 1 of the present inven-
tion;

FIG. 2 is a timing chart illustrating an operation of the ion
current detector at each operating point according to
Embodiment 1 of the present invention;

FIG. 3 is a circuit diagram illustrating an ion current
detector according to Embodiment 2 of the present inven-
tion;

FIG. 4 is a timing chart illustrating an operation of an ion
current detector at each operating point according to
Embodiment 3 of the present invention;

FIG. 5 is a structural diagram illustrating an ion current
detector according to Embodiment 4 of the present inven-
tion; and

FIG. 6 is a timing chart illustrating an operation of the ion
current detector at each operating point according to
Embodiment 4 of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, embodiments of the present invention are
described with reference to the attached drawings.

Embodiment 1

FIG. 1 is a circuit diagram illustrating an ion current
detector according to Embodiment 1 of the present inven-
tion. As illustrated in FIG. 1, an ion current detector 4 is
connected to an ignition coil 2 for causing an ignition plug
3 of an internal combustion engine to generate spark dis-
charge, an IB terminal for receiving an ignition signal 1B,
and an engine control unit (ECU) 20 serving as a control
device of the internal combustion engine. The ion current
detector 4 includes an ion bias circuit 5 and an ion current
detection circuit 6. The ion bias circuit 5 is connected to a
secondary coil 26 of the ignition coil 2 to supply a bias
voltage to an electrode of the ignition plug 3. The ion current
detection circuit 6 detects an ion current generated in a
combustion chamber of the internal combustion engine.

One end of a primary coil 2a of the ignition coil 2 is
connected to a battery power supply 1 and the other end of
the primary coil 2a is connected to a switching element for
ignition control (not shown). One end of the secondary coil
25 of the ignition coil 2 is connected to the electrode of the
ignition plug 3 and the other end of the secondary coil 25 is
connected to a cathode of a Zener diode 5a and one end of
a capacitor 54 in the ion bias circuit 5. The Zener diode 5a
and the capacitor 55 are connected in parallel. An anode of
the Zener diode 5a and the other end of the capacitor 55 are
connected to an input terminal 6« of the ion current detection
circuit 6. The ion current detection circuit 6 includes the
input terminal 6a, an output terminal 65, and a current
amplification factor control terminal 6c¢. The input terminal
6a is connected to the ion bias circuit 5 as described above.
The output terminal 65 is connected to the ECU 20 serving
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as the control device of the internal combustion engine. The
current amplification factor control terminal 6¢ is connected
to the IB terminal.

In the structure described above, at the time of ignition, a
positive voltage is applied to a low-voltage side of the
secondary coil 25 to apply a voltage between both the ends
of the Zener diode 5a, thereby charging the capacitor 5b.
After the ignition, a charging voltage of the capacitor 55 is
applied to the electrode of the ignition plug 3. As a result,
ions generated when an air fuel mixture is burned in the
combustion chamber flow as an ion current from the capaci-
tor 54 to the secondary coil 25, the ignition plug 3, and the
ion current detection circuit 6. The ion current detection
circuit 6 amplifies the ion current to generate an ion current
detection signal ION-OUT and transmits the ion current
detection signal to the ECU 20 through the output terminal
6b.

Upon receiving the ignition signal IB from the IB terminal
through the current amplification factor control terminal 6c,
the ion current detection circuit 6 detects a timing of
supplying the ignition signal IB. Through the detection of
the timing, an ion current amplification factor for amplifying
the ion current detection signal ION-OUT at the time of
supplying the ignition signal is set to a low value (approxi-
mately 50) (predetermined first value). When the ignition
signal is not supplied (that is, during time domain in which
ion current is small), the ion current amplification factor is
set to a high value (approximately 250 or more) (predeter-
mined second value). Accordingly, a value of the ion current
detection signal ION-OUT at the time of supplying the
ignition signal is not so large and the value in an accidental
fire case is not so small. Therefore, when the ion current
detection signal ION-OUT is to be transmitted to the ECU
20, the value of the ion current detection signal ION-OUT
does not exceed a dynamic range of the ECU 20. In addition,
even when the ion current in the accidental fire case is
approximately 4 LA, a current equal to or larger than 1 mA
can be supplied to a connection terminal portion between the
ion current detection circuit 6 and the ECU 20. Thus, even
when the connection terminal portion between the ion
current detection circuit 6 and the ECU 20 is not subjected
to gold or silver plating, the electrical conductivity of the
connection terminal portion between the ion current detec-
tion circuit 6 and the ECU 20 can be ensured to constantly
transmit the accurate ion current detection signal ION-OUT
to the ECU 20. Note that, in order to suppress the value of
the ion current detection signal ION-OUT to transmit the
accurate ion current detection signal ION-OUT to the ECU
20 even in a case of a smoldering state, an upper limit value
of the ion current detection signal ION-OUT which can be
output from the ion current detection circuit 6 is set to 100
mA. When the value of the ion current detection signal
ION-OUT exceeds 100 mA, for example, the current of 100
mA is held in order to recognize the flowing of the ion
current, or the ion current detection signal is not output (0
mA) in order to suppress circuit power consumption result-
ing from the flowing of the current equal to or larger than
100 mA.

FIG. 2 is a timing chart illustrating respective waveforms
in the case of the smoldering state in Embodiment 1 of the
present invention. At a time point tl1, when the ignition
signal 1B is supplied from the ECU 20, an ignition signal
turning-ON +V2 is generated on a high-voltage side of the
secondary coil 2b. Therefore, a smoldering current at the
time of supplying the ignition signal increases. At this
timing, the ion current detection circuit 6 detects that the
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ignition signal IB is supplied, and sets the ion current
amplification factor to the low value (approximately 50).

Next, during a period between time points t2 and t3, the
ion current generated by early ignition at the time of
supplying the ignition signal is superimposed on the smol-
dering current. Note that the ion current detection circuit 6
reduces the ion current amplification factor at the time point
tl as described above, and hence the ion current detection
signal ION-OUT to be transmitted to the ECU 20 can be
accurately transmitted to the ECU 20 without exceeding the
dynamic range of the ECU 20. At a time point t4, when the
ion current detection circuit 6 detects that the ignition signal
IB is blocked, the ion current amplification factor is adjusted
to the high value (approximately 250 or more). After that,
during a period between time points t5 and t6, an ion current
generated by regular ignition is transmitted to the ECU 20.
In this case, the ion current detection circuit 6 has increased
the ion current amplification factor at the time point t4 as
described above, and hence the precision of the ion current
detection signal ION-OUT to be transmitted to the ECU 20
can be improved. Even when the ion current in the acciden-
tal fire case is approximately 4 pA, the current equal to or
larger than 1 mA can be supplied to the connection terminal
portion between the ion current detection circuit 6 and the
ECU 20, with the result that that the electrical conductivity
of the connection terminal portion between the ion current
detection circuit 6 and the ECU 20 can be ensured.

As described above, according to Embodiment 1 of the
present invention, the ion current detector, which includes
the ion bias circuit 5 for supplying the bias voltage to the
electrode of the ignition plug and the ion current detection
circuit 6 for detecting the ion current generated in the
combustion chamber, has the structure in which the ion
current detection circuit 6 switches the ion current amplifi-
cation factor between the time of supplying the ignition
signal and other time domains. Therefore, even in the case
where the ion current becomes as small as approximately 4
LA because of an accidental fire or the like when the ion
current detection signal ION-OUT obtained by amplifying
the ion current is to be transmitted to the ECU 20, the ion
current amplification factor is set to the high value, whereby
the current equal to or larger than 1 mA can be supplied to
the connection terminal portion between the ion current
detection circuit 6 and the ECU 20 without coating the
connection terminal portion with a conductive coating such
as a coating plated with gold or silver. Thus, the electrical
conductivity of the connection terminal portion between the
ion current detection circuit and the ECU can be ensured. In
addition, even when the smoldering current increases at the
time of supplying the ignition signal during the smoldering
state because of the ignition signal turning-ON +V2, the ion
current amplification factor is set to the low value, whereby
the accurate ion current detection signal ION-OUT can be
transmitted to the ECU without exceeding the dynamic
range of the ECU in the case where the ion current detection
signal ION-OUT is to be transmitted to the ECU. Therefore,
the accurate ion current detection signal ION-OUT can be
constantly transmitted to the ECU 20. As described above,
according to Embodiment 1 of the present invention, the
gold or silver plating for the connection terminal portion can
be omitted, thereby enabling suppressing a manufacturing
cost. At the same time, the electrical conductivity of the
connection terminal portion can be ensured. In addition, the
ion current can be detected with high precision without
exceeding the dynamic range of the ECU 20.

Embodiment 2

In Embodiment 2 of the present invention, an example in
which the ion current detection circuit 6 described in
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Embodiment 1 is a circuit including current mirror circuits
is described. Other structures and operations are the same as
those of Embodiment 1, and hence the description thereof is
omitted here.

FIG. 3 is a circuit diagram illustrating an ion current
detection circuit 6 according to Embodiment 2 of the present
invention. An internal structure of the ion current detection
circuit 6 is described with reference to FIG. 3. The ion
current detection circuit 6 includes the input terminal 64, the
output terminal 65, the current amplification factor control
terminal 6c, an internal power supply 6d, a current mirror
circuit 6g, a current mirror circuit 6%, and a switch 6/. The
current mirror circuit 6g includes PNP transistors 6e and 6.
The current mirror circuit 6% includes an NPN transistor 6/,
an NPN transistor 6/ having a low current amplification
factor (current amplification factor which is approximately
50 times current amplification factor of NPN transistor 6/),
and an NPN transistor 6j having a high current amplification
factor (current amplification factor which is approximately
250 times current amplification factor of NPN transistor 6/).

In the ion current detection circuit 6, as illustrated in FIG.
3, a base of the PNP transistor 6e is connected to a collector
of the PNP transistor 6e and a base of the PNP transistor 6f.
As illustrated in FIG. 1, the collector of the PNP transistor
6e is connected to the ion bias circuit 5 through the input
terminal 6a. An emitter of the PNP transistor 6e is connected
to the internal power supply 64 and an emitter of the PNP
transistor 6f. A collector of the PNP transistor 6fs connected
to a base and collector of the NPN transistor 6/, a base of
the NPN transistor 6/ having the low current amplification
factor, and a base of the NPN transistor 6/ having the high
current amplification factor. An emitter of the NPN transis-
tor 6/, an emitter of the NPN transistor 6/ having the low
current amplification factor, and an emitter of the NPN
transistor 6/ having the high current amplification factor are
connected to a ground (GND).

As illustrated in FIG. 1, one end of the switch 6/ is
connected to the ECU 20 through the output terminal 64.
The other end of the switch 6/ is connected to one of a
collector of the NPN transistor 6/ having the low current
amplification factor and a collector of the NPN transistor 67
having the high current amplification factor in response to
the ignition signal IB supplied to the current amplification
factor control terminal 6¢.

The other end of the switch 6/ is connected to the collector
of'the NPN transistor 6/ having the low current amplification
factor at a timing when the ignition signal IB is supplied to
the switch 6/ through the current amplification factor control
terminal 6c.

While the ignition signal IB is being supplied to the
switch 6/, when the ion current flows and thus a current
flows into the current mirror circuits 6g and 6%, a current
obtained by amplifying the ion current by the low value
(approximately 50) is extracted from the ECU 20 through
the output terminal 65 because the switch 6/ is connected to
the NPN transistor 6/ having the low current amplification
factor. Then, the ion current detection signal ION-OUT is
transmitted to the ECU 20.

Next, the other end of the switch 6/ is connected to the
collector of the NPN transistor 6; having the high current
amplification factor at a timing when the ignition signal 1B
supplied to the switch 6/ through the current amplification
factor control terminal 6¢ is blocked.

While the ignition signal IB supplied to the switch 6/ is
being blocked, when the ion current flows and thus a current
flows into the current mirror circuits 6g and 6%, a current
obtained by amplifying the ion current by the high value
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(approximately 250 or more) is extracted from the ECU 20
through the output terminal 65 because the switch 6/ is
connected to the collector of the NPN transistor 6; having
the high current amplification factor. Then, the ion current
detection signal ION-OUT is transmitted to the ECU 20.

As described above, according to Embodiment 2 of the
present invention, the same effect as Embodiment 1 can be
obtained. In addition, the circuit including the current mirror
circuits is used as the ion current detection circuit. The ion
current detection circuit 6 receives the ignition signal IB to
detect the timing of supplying the ignition signal. When the
ignition signal is supplied, the ion current amplification
factor is set to the low value (approximately 50). When the
ignition signal is not supplied, that is, during the time
domain in which the ion current is small, the ion current
amplification factor is set to the high value (approximately
250 or more). Therefore, when the ion current detection
signal ION-OUT is to be transmitted to the ECU 20, the
value of the ion current detection signal ION-OUT does not
exceed the dynamic range of the ECU 20. In addition, even
when the ion current in the accidental fire case is approxi-
mately 4 pA, a current equal to or larger than 1 mA can be
supplied to the connection terminal portion between the ion
current detection circuit 6 and the ECU 20. Thus, the
electrical conductivity of the connection terminal portion
between the ion current detection circuit 6 and the ECU 20
can be ensured to transmit the accurate ion current detection
signal ION-OUT to the ECU 20.

Embodiment 3

In Embodiment 3 of the present invention, an example in
which the ignition signal of the internal combustion engine
ignition device described in Embodiment 1 is used as an
ignition signal for multi-ignition is described. Other struc-
tures and operations are the same as those of Embodiment 1
or 2, and hence the description thereof is omitted here.

FIG. 4 is a timing chart illustrating respective waveforms
in the case of the smoldering state in Embodiment 3 of the
present invention. The operation during a period between the
time points t1 and t6 is the same as those of Embodiment 1,
and hence the description thereof is omitted here. At a time
point t7, when the multi-ignition signal is supplied from the
ECU 20 as described above, an ignition signal turning-ON
+V2 is generated on a high-voltage side of the secondary
coil 2b. Therefore, a smoldering current at the time of
supplying the ignition signal increases. At this timing, the
ion current detection circuit 6 detects that the multi-ignition
signal is supplied, and sets the ion current amplification
factor to the low value (approximately 50).

Next, during a period between time points t8 and t9, the
ion current generated by early ignition at the time of
supplying the ignition signal is superimposed on the smol-
dering current. When the ion current detection circuit 6 sets
the ion current amplification factor to the low value (ap-
proximately 50), the ion current detection signal ION-OUT
to be transmitted to the ECU 20 can be accurately transmit-
ted to the ECU 20 without exceeding the dynamic range of
the ECU 20. At the time point t9, the ion current detection
circuit 6 detects that the multi-ignition signal is blocked, and
sets the ion current amplification factor to the high value
(approximately 250 or more). The operation during a period
between time points t10 and t12 and a period between time
points t13 and t15 is identical to the operation during the
period between the time points t7 and t9, and hence the
description thereof is omitted here. With this structure, the
combustion characteristic within the engine camber can be
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ensured. The precision of the ion current detection signal
ION-OUT to be transmitted to the ECU 20 can also be
improved. Even when the ion current in the accidental fire
case is approximately 4 pA, the current equal to or larger
than 1 mA can be supplied to the connection terminal portion
between the ion current detection circuit 6 and the ECU 20,
whereby the electrical conductivity of the connection ter-
minal portion between the ion current detection circuit 6 and
the ECU 20 can be ensured.

As described above, according to Embodiment 3 of the
present invention, the same effect as Embodiments 1 and 2
can be obtained. Upon receiving the multi-ignition signal IB,
the ion current detection circuit 6 detects the timing of
supplying the ignition signal. When the ignition signal is
supplied, the ion current amplification factor is set to the low
value (approximately 50). When the ignition signal is not
supplied, that is, during the time domain in which the ion
current is small, the ion current amplification factor is set to
the high value (approximately 250 or more). Therefore,
when the ion current detection signal ION-OUT is to be
transmitted to the ECU 20, the value of the ion current
detection signal ION-OUT does not exceed the dynamic
range of the ECU 20. In addition, even when the ion current
in the accidental fire case is approximately 4 LA, the current
equal to or larger than 1 mA can be supplied to the
connection terminal portion between the ion current detec-
tion circuit 6 and the ECU 20. Thus, the electrical conduc-
tivity of the connection terminal portion between the ion
current detection circuit 6 and the ECU 20 can be ensured to
transmit the accurate ion current detection signal ION-OUT
to the ECU 20.

Embodiment 4

FIG. 5 is a circuit diagram illustrating an ion current
detector according to Embodiment 4 of the present inven-
tion.

In Embodiment 4 of the present invention, a current
amplification factor control circuit 7 is further provided in
the structure of the ion current detector 4 according to
Embodiment 1. Other structures are the same as those of
Embodiments 1 to 3. The flow (operation) before the gen-
eration of the ion current is identical to that of Embodiment
1, and hence the description thereof is omitted here.

The current amplification factor control circuit 7 is
described. The current amplification factor control circuit 7
is a circuit for detecting a regular ignition timing in response
to the ignition signal 1B, detecting a combustion state of the
internal combustion engine, and controlling the ion current
amplification factor based on a result obtained by the
detection. The current amplification factor control circuit 7
includes an abnormal detection terminal 7a, a current ampli-
fication factor control signal output terminal 7b, and an
ignition signal receiving terminal 7¢. The abnormal detec-
tion terminal 7a is connected to the output terminal 65 of the
ion current detection circuit 6 to receive the value of the ion
current detection signal ION-OUT transmitted to the ECU
20. The current amplification factor control signal output
terminal 75 is connected to the current amplification factor
control terminal 6¢ of the ion current detection circuit 6 to
output, to the ion current detection circuit 6, a control signal
for instructing switching of the ion current amplification
factor when it is determined that it is necessary to switch the
ion current amplification factor. The ignition signal receiv-
ing terminal 7c¢ is connected to the IB terminal to receive the
ignition signal 1B from the 1B terminal.
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FIG. 6 is a timing chart illustrating waveforms in respec-
tive portions of the internal combustion engine in Embodi-
ment 4 of the present invention in a case of occurrence of
combustion abnormality (accidental fire case). During a
period between time points t1 and t2, the current amplifi-
cation factor control circuit 7 receives the ignition signal 1B
from the IB terminal through the ignition signal receiving
terminal 7c¢ to detect whether or not the ignition signal is
supplied, and sets, as a combustion abnormality detection
interval, a predetermined interval between t3 and t4 after the
ignition signal IB is blocked. In the accidental fire case, the
ion current is approximately 4 pA. Therefore, during the
combustion abnormality detection interval, the ion current
detection signal ION-OUT transmitted to the ECU 20 is
compared with a predetermined threshold Vth (correspond-
ing to ion current of 4 pA) which is set in advance. When the
value of the ion current detection signal ION-OUT does not
exceed the threshold Vth, the current amplification factor
control circuit 7 detects that an accidental fire occurs, and
thus supplies a control signal from the current amplification
factor control signal output terminal 75 to the current
amplification factor control terminal 6¢ of the ion current
detection circuit 6 so as to set the ion current amplification
factor for amplifying the ion current detection signal ION-
OUT to the high value (250 or more). The ion current
detection circuit 6 sets the ion current amplification factor to
the high value (250 or more) in response to the control
signal.

Therefore, the precision of the ion current detection signal
ION-OUT can be improved. In addition, even when the ion
current in the accidental fire case is approximately 4 pA, the
current equal to or larger than 1 mA can be supplied to the
connection terminal portion between the ion current detec-
tion circuit 6 and the ECU 20, whereby the electrical
conductivity of the connection terminal portion between the
ion current detection circuit 6 and the ECU 20 can be
ensured.

Even in Embodiment 4 of the present invention, when the
ignition signal is supplied, the ion current amplification
factor for amplifying the ion current detection signal ION-
OUT may be set to the low value (approximately 50). In the
case of Embodiment 4, the current amplification factor
control circuit 7 receives the ignition signal IB from the 1B
terminal through the ignition signal receiving terminal 7¢ to
detect the timing of supplying the ignition signal IB.
Through the detection of the timing, when the ignition signal
is supplied, the current amplification factor control circuit 7
supplies a control signal from the current amplification
factor control signal output terminal 75 to the current
amplification factor control terminal 6¢ of the ion current
detection circuit 6 so as to set the ion current amplification
factor for amplifying the ion current detection signal ION-
OUT to the low value (approximately 50). The ion current
detection circuit 6 sets the ion current amplification factor to
the low value (approximately 50) in response to the control
signal. Therefore, the ion current detection signal ION-OUT
to be transmitted to the ECU 20 can be accurately transmit-
ted to the ECU 20 without exceeding the dynamic range of
the ECU 20.

Moreover, according to the internal combustion engine
ignition device in Embodiment 4 of the present invention,
without using the conductive coating such as the coating
plated with gold or silver for the connection terminal portion
between the ion current detection circuit 6 and the ECU 20
in the structures according to Embodiments 1 to 3, the ion
current amplification factor of the ion current detection
circuit 6 is set such that the amplified ion current flowing
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between the ion current detection circuit 6 and the ECU 20
is equal to or larger than 1 mA.

Therefore, even when the ion current in the accidental fire
case is approximately 4 pA, the current equal to or larger
than 1 mA can be supplied to the connection terminal portion
between the ion current detection circuit 6 and the ECU 20.
Thus, the electrical conductivity of the connection terminal
portion between the ion current detection circuit 6 and the
ECU 20 can be ensured without using the conductive
coating such as the coating plated with gold or silver for the
connection terminal portion between the ion current detec-
tion circuit 6 and the ECU 20.

What is claimed is:

1. An ion current detector, comprising:

an ion bias circuit connected to a secondary side of an

ignition coil for causing an ignition plug of an internal
combustion engine to generate spark discharge, for
supplying a bias voltage to an electrode of the ignition
plug; and

an ion current detection circuit, coupled to an ignition

signal terminal and to an engine control unit (ECU) via
a connection terminal portion, which receives an igni-
tion signal from the ignition signal terminal and detects
an ion current generated in a combustion chamber by
the spark discharge,

wherein the ion current detection circuit amplifies and

outputs the detected ion current to the ECU via the
connection terminal portion, at an amplification factor
of the ion current, and

the amplification factor of the ion current is switched

between a time when the ignition signal is supplied and
atime when the ignition signal is not supplied, based on
the received ignition signal.

2. The ion current detector according to claim 1, wherein
the ion current detection circuit sets the amplification factor
of the ion current to a predetermined first value when the
ignition signal is supplied, and sets the amplification factor
of the ion current to a predetermined second value higher
than the predetermined first value when the ignition signal is
not supplied.

3. The ion current detector according to claim 1, wherein
the ion current detection circuit comprises a current mirror
circuit.

4. The ion current detector according to claim 1, wherein
the ignition signal comprises an ignition signal for multi-
ignition.

5. The ion current detector according to claim 1, wherein
the amplification factor of the ion current is set such that the
amplified ion current flowing through the connection termi-
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nal portion between the ion current detection circuit and the
ECU is equal to or greater than approximately 1 mA.
6. An ion current detector, comprising:
an ion bias circuit connected to a secondary side of an
ignition coil for causing an ignition plug of an internal
combustion engine to generate spark discharge, for
supplying a bias voltage to an electrode of the ignition
plug; and

an ion current detection circuit, coupled to an ignition

signal terminal and to an engine control unit (ECU) via

a connection terminal portion, which:

receives an ignition signal, which indicates a timing of
the ignition signal, from the ignition signal terminal,

determines a first time period when the ignition signal
is supplied and a second time period when the
ignition signal is not supplied, based on the received
ignition signal,

detects an ion current generated in a combustion cham-
ber by the spark discharge,

amplifies the detected ion current at a first amplification
factor during the first time period and a second
amplification factor during the second time period,
and

outputs the ion current to the ECU via the connection

terminal portion at the first amplification factor during
the first time period, when the ignition signal is sup-
plied, and at the second amplification factor during the
second time period, when the ignition signal is not
supplied.

7. The ion current detector according to claim 6, wherein
the first amplification factor is set to a predetermined first
value and the second amplification factor is set to a prede-
termined second value greater than the predetermined first
value.

8. The ion current detector according to claim 1, wherein
the ion bias circuit comprises:

a diode comprising a cathode connected to the secondary

side of the ignition coil and an anode connected to the
ion current detection circuit; and

a capacitor connected in parallel to the diode.

9. The ion current detector according to claim 8, wherein
the ion current detection circuit comprises an input terminal,
and

the diode and the capacitor of the ion bias circuit are

connected to the input terminal.
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